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To enter text, click in the box and type your response. If a box already contains an entry select the entry and type
the replacement. You can use the tab key to move from one field to the next. To select a check box, click in the box or

type an x.
GENERAL INFORMATION
Permitte Name Castle Gate Holding Company
Mine Name Castle Gate Mine
Operator Name
(If other then permittee)
Permit Expiration Date December 24, 2004
Permit Number C/007/006
Authorized Representative Title Johnny Pappas, Sr. Environmental Engineer
Phone Number (435) 472-4741
Fax Number (435) 472-4782
E-mail Address jpappas@rag-american.com
Mailing Address P.O. Box 30, 847 Northwest Highway 191, Helper, Utah 84526
Resident Agent C.T. Corporation

Resident Agent Mailing Address 50 West Broadway, Salt Lake City, Utah 84101
Number of Binders Submitted Two

IDENTIFICATION OF OTHER PERMITS
Identify other permits that are required in conjunction with mining and reclamation activities.

Permit Type ID Number Description Expiration Date
MSHA Mine ID(s) 4200165 Legal Identity

4201202 Legal Identity
MSHA Impoundment(s) N/A
NPDES/UPDES Permit(s) UTG040012 UPDES Permit April 30, 2003
PSD Permit(s) (Air) N/A
Other
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CERTIFIED REPORTS
List the certified inspection reports as required by the rules and udder the approved plan that must be

periodically submitted t the Division. Specify whether the information is included as Appendix A to this report
or currently on file with the Division.

Certified Reports: Required Included or on file with DOGM Comments
Yes No Included On File
Excess Spoil Piles ] 4 O ]
Refuse Piles O X O ]
Impoundments X O O ] Pond 10 recclaimed in conjunction
with Adit No. 1
Other
a O 0] Ol
o 0O O] O

REPORTING OF OTHER TECHNICAL DATA

List other technical data and information as required under the approved plan, which must be
periodically submitted to the Division. Specify whether the information is included as Appendix B to this report
or currently on file with the Division.

‘echnical Data: Required Included or on file with DOGM  Comments
Yes No Included On file
Climatological

Subsidence Monitoring
Vegetation Monitoring
Raptor Survey
Soils Monitoring
Water Monitoring
First quarter
Second quarter
Third quarter
Fourth quarter
Geological / Geophysical
Engineering
Non Coal Waste /
Abandoned Underground
Equipment*
Other Data
Groundwater Study

DO
XXXOOOOOXXMXXX
0 O
DOOXXXXOOCOO]

Courtesy Copy for Informational Purposes
Only

Dod o
OO0 X
Dod O
Do O

*Reminder: If equipment has been abandoned during 2002, an amendment must be submitted that includes a map

showing its location, a description of what was abandoned, whether there was any hazardous or toxic materials and any
revision to the PHC as necessary.
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LEGAL, FINANCIAL, COMPLIANCE AND RELATED INFORMATION

Change in administration or corporate structure can often bring about necessary changes to
information found in the mining and reclamation plan. The Division is Requesting that each permittee review
and update the legal, financial, compliance and related information in the plan as part of the annual report.
Provide the department of Commerce, annual Report of Officers, or other equivalent information as necessary
to ensure that the information provided in the plan is current. Provide any other change as necessary
regarding land ownership, lease acquisitions, legal results from appeals of violations, or other changes as
necessary to update information required in the mining and reclamation plan. Include and certified financial
statements, audits or worksheets which may be required to meet bonding requirements. Specify whether the
information is currently on file with the Division or included as Appendix C to the report.

Legal / Financial Update Required Included or on File with DOGM Comments
Yes No  Included On file

Department of Commerce,

Annual Report Officers X1 [ X Il

Other

QD04
DO
o0
Lol

@ e mars

Copies of mine maps, current and up-to-date through at least December 31, 2001, are to be provided to
the Division as Appendix D to this report in accordance with the requirements of R 645-301-525.270. These
map copies shall be made in accordance with 30 CFR 75.1200 as required by MSHA. Upon request, the
Division shall keep mine maps confidential,

Map Number(s) Map Title/ Description Confidential
Yes No

1
e
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OTHER INFORMATION

Please provide any comments of further information to be included as part of the Annual Report. Any
other attachments are to be provided as Appendix E to this report. If information is submitted as a group rather
then by individual mine, please identify each of the mine’s data in the list below.

Additional attachment to this report? Yes [X] No []

Reclamation activities performed in 2002 at Adit No. 1, Hardscrabble Canyon, and Sowbelly Canyon
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APPENDIX A

Certified Reports

Excess Spoil Piles

Refuse Piles

Impoundments

As required under R645-301-514
CONTENTS

NONE
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APPENDIX B

Reporting of Technical Data

Including monitoring data, reports, maps, and other information
As required under the approved plan or as required by the Division

In accordance with the requirement of R645-310-130 and R645-301-140

CONTENTS
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Potential for Water Storage in Abandoned Mine Workings
in the Castlegate Area, Carbon County, Utah

Executive Summary

For mining in Cyprus Plateau Mining Corporation’s Willow Creek Mine to be
successfully completed, it will be necessary to pump and dispose of an estimated 1.5
billion gallons of water from abandoned mine workings underlying the Willow Creek
Mine. The purpose of this investigation is to estimate the potential for storage of this
water in abandoned mine workings in the Castlegate area west of Highway 6.

The information required to make calculations of available open mine volumes includes
an accurate description of the mine geometry (i.e., the mined area and the extracted coal
thickness), the interconnectedness of mined areas, the changes which may occur in mine
workings through time after mining is completed (i.e., caving and subsidence), and the
presence or absence of water in the abandoned mine workings prior to any potential
injection. Most of this information was obtained from old mine working maps obtained
from CPMC. In many instances, information essential for mine volume calculations was
not available. In these instances, required parameters were estimated based on
discussions with CPMC personnel, knowledge of commonly utilized mining practices,
and extrapolation of data from nearby locations where data are available. Because of the
limited and incomplete nature of the data, it is not possible to determine with certainty the
mine volumes available for water storage. The values presented here should, therefore,
be considered as best estimates and should not be taken as absolute values.

The results of the mine volume calculations suggest that between 0.720 and 2.490 billion
gallons of water can be stored in the abandoned mine workings west of Highway 6. To
inject this volume of water into the abandoned mine workings, more than one injection
site will be necessary. It is estimated that between 0.720 and 1.930 billion gallons of
water can be injected into the old workings at a single injection site. To accommodate
this water, the abandoned mine workings will be filled to an elevation of 6,300 feet.

Much of the uncertainty in these calculations results from the lack of information
regarding the amount of water already in the old mine workings prior to any injection. It
is recommended that a monitoring well be constructed in Bear Canyon which will allow
the determination of the existing water level in the Royal/New Peerless Mine complex.
This well may also be used to monitor water levels as injection activities progress and as
a means to measure water quality. Monitoring of the Crandall Canyon Shatft is also
recommended to provide water quality and water level information.
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1.0 INTRODUCTION
Cyprus Plateau Mining Corporation (CPMC) operates the Willow Creek Mine which is
located near Helper, Utah (Figure 1). CPMC holds additional coal leases west of Highway 6
in Price Canyon and plans to mine these leases in the future. Shortly after coal mining in the
Willow Creek Mine commenced, it was determined that the old Castlegate #2 Mine workings
are flooded with an estimated 1.5 billion gallons of water. These workings are located in the
K-Seam, which lies approximately 80 feet below the Willow Creek Mine workings in the D-
Seam. The water in the Castlegate #2 Mine must be removed and disposed of before mining
in the Willow Creek Mine can be safely completed. Several methods for disposal of the old
mine waters have been investigated by CPMC. These include 1) treatment of the water and
discharging it into the Price River drainage, and 2) pumping the water into one or several of
the abandoned mine workings west of Highway 6 (Figure 2). The feasibility of the latter

method is the topic if this investigation.

Potential for Water Storage in Abandoned 1 15 June 1999
Mine Workings in the Castlegate Area



Emery

Scofiel
Reservoi

¢0
]
]
=
3
<
3\ 1
AL
re) (74
A
Huntington
Castle Dale

Ferron

Figure 1 Regional Map for Willow Creek Study Area

Wellingto

Clark
Valley

unnysid

Juewdeos3 sy 1008

side

Green River

Figure-1-Regional-Map-B.cdr
Mayo and Associates, |.C
June 7, 1999




%

A\

™ AN
VN PRIDE CANVGN RECREA
AN i
i K P
h CATRC s p
A
4

T

$ e — -

Gy
(78}

CREE

socGate o

{
N\

Lo
L

J';.y;
AN
Ve :

i

Fhe Castte ™ . | "
pl -~ : 1

i T —=

" 26 ! -~ o5
7/ .

it .
§ < Roval®

4

o -

=

s
3 Mines

o}

® -
Spring Canyon #1

- -Hardscrab

Zrm

~

iegoer
- ing N

VA
"
=
]
1

- Castlegate!1
- o l e N

]) MILE

1
e =

6900 FEET

Figure 2 Location of portals of abandoned mines considered for water storage.

Figure-2-Mine Locations.cdr
Mayo and Associates, LC
June 7, 1999




Mayo and Associates, LC

2.0 PROJECT OVERVIEW
2.1 Purpose of investigation
The purpose of this investigation is to examine the feasibility of injecting waters from the de-
watering of the Castlegate #2 Mine workings beneath the Willow Creek Mine into abandoned
mine workings west of the Price River. This investigation includes 1) the evaluation of the
potentially open mine volumes available to receive injected water, and 2) the likely fate of

the water after it has been pumped into the abandoned mine workings.

2.2 Methods of investigation

2.2.1 Mine Maps

All available maps of old mine workings in the Willow Creek and adjacent areas were
obtained from CPMC and reviewed. The original mine working maps used in this
investigation were 1 inch = 2,000 feet scale or greater. Many of the original mine maps are
nearly 100 years old and many were hand drawn. The mine-working maps were used to
determine the geometry of the old mine workings, the elevations of the mine workings, and
the thickness of the coal seams and/or height of coal extracted in the old mines. Calculations
of mine volumes available for injection were conducted using the various mine maps
provided from CPMC. Mine workings shown on the old maps were digitized into electronic

AutoCADTM file format.

2.2.2 Volume Calculations
Electronic maps of each mine were carefully analyzed to determine the potential available

open volume of each mine and the locations of potential spillover points. Individual mines

Potential for Water Storage in Abandoned 4 15 June 1999
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were divided into small blocks based on proximity and apparent mining style. Care was
taken to digitize blocks according to the apparent style of mining, because several distinct
mining styles were apparent from the maps and the style of mining affects the percentage of

the total coal that was recovered in any given area.

To simplify the volume calculations, the various mining styles were grouped together into
several categories and given the following arbitrary names: LONG (for longwall mining),
SECO (for secondary mining), DRP (for dense room & pillar), TRP (for typical room &
pillar), and LRP (for ladder-like room & pillar). Each mining style was then assigned a value
for approximate coal recovery, as well as a value for volume loss from subsidence. The
determination of these values is based on professional expertise and on conversations with

Willow Creek Mine staff.

Each digitized mine block was then assigned a mining style, a mining height, and a total area
in square feet. The total area for each digitized block was determined by having AutoCAD™
determine the area of the digitized polygon outlining the block. The mined height for each
block was determined by averaging coal thickness information shown on the mine maps
within or near the block. Where coal thickness information was sparse or unavailable, mined
heights were estimated based on interpolation between the nearest locations where data are
available. The volume for each digitized mine block was then calculated by multiplying the
total area of the block, the percentage of coal recovery within that area, the mined height, and
the percentage of mined height not lost to surface subsidence. This information was

tabulated for each mine using an interactive spreadsheet.
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3.0 DESCRIPTION OF THE LEASE AREA
The area of interest, located west of Highway 6 and north of Spring Canyon (Figure 2),
contains a series of deeply incised, narrow-bottom canyons separated by Ford Ridge. This
narrow ridge trends diagonally through the area and separates the Price River drainage from
the Spring Canyon drainage. Important canyons in the Price Canyon drainage include, from
south to north, Hardscrabble Canyon, Gentile Wash, Bear Canyon, and Crandall Canyon. In
the Spring Canyon drainage, the main canyons include Sowbelly Gulch and Robinson Gulch.
These canyons are generally steep walled, with moderate to low soil cover. Rocky cliffs
commonly occur where the Castlegate Sandstone outcrops on hillsides. The vegetation cover
in most areas is relatively sparse, with sagebrush and deciduous brush covering the south

facing slopes, and isolated stands of conifer trees occurring on north facing slopes.

The old mine workings considered for potential injection in this investigation are shown on
Plates 1 through 4, and include the Royal, New Peerless, Spring Canyon #5, Spring Canyon
#1, Hardscrabble #4, Castlegate #3, and Castlegate #1 Mines. Each of these mines is located
west of Highway 6 between Spring Canyon on the south and Crandall Canyon on the north
(Figure 2). In addition to the Castlegate #3 Mine listed above, another abandoned mine is
shown on old maps as being called the Castlegate #3 Mine. This second and smaller
Castlegate #3 passes underneath the Price River at shallow levels, is already flooded with
water, and cannot be used for storage of additional water. To eliminate possible confusion
between these two mines, the mine passing underneath the Price River will be referred to in

this report as the Under-River Mine.
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4.0 GEOLOGIC SETTING
4.1.1 Blackhawk Formation
All of the mine workings evaluated as potential sumps for the storage of mine water are in
the lower portion of the Blackhawk Formation. The Blackhawk Formation consists primarily
of interbedded sandstone, mudstone, shale, and coal with a total thickness of about 1,100 to

1,300 feet in the Willow Creek area. Individual rock layers in the formation are generally

lenticular in nature and it is not possible to trace individual layers over significant lateral
distances. Several thicker, massive, sandstone units, which are more continuous in nature,

occur in the lower portion of the Blackhawk Formation.

Most of the coal reserve in the lease area lies in the lower half of the Blackhawk Formation,
above the Spring Canyon Sandstone. Important coal seams in the Willow Creek area are the
A-Seam, the Kenilworth Seam (K-Seam), the D-Seam (which is currently being mined at the

Willow Creek Mine) and the Sub 3-Seam.

In many locations, the coal seams in the Blackhawk Formation have experienced natural coal
burns along the outcrop. The coal burn commonly results in intense fracturing of the rocks
immediately above and below the coal seam and may extend several hundred feet laterally

into the mountain.

4.1.2 Mancos Shale
The marine Mancos Shale underlies the Blackhawk Formation in the study area (in the

adjacent Wasatch Plateau coal district, the lower, massive-sandstone tongues of the
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Blackhawk Formation are designated as the Star Point Sandstone). The Mancos Shale
consists of highly erodeable calcareous, gypsiferous, and carbonaceous dark gray shale. The

Mancos Shale is generally considered mostly impermeable to groundwater flow.

4.1.3 Structure

The study area lies in the Book Cliffs Coal Field in a three-way transition zone between the
Colorado Plateau, Uinta Basin, and the Wasatch Plateau physiographic provinces. The rocks
in the lease area were protected from major tectonic stresses by stress release along the Fish
Creek Graben. There is a lack of major structural features in the area, such as major faulting
and strong jointing. Where minor fracturing and jointing do occur, they primarily trend
approximately 60° W with dips of about 5° to 7° from vertical. Fracture densities are greatest
in thin-bedded or fine-grained strata. Thicker-bedded rocks and homogeneous sandstones
commonly have lower fracture densities. Rock layers in the region generally dip about 8°
north to northeast, although in localized areas the rocks may dip as steeply as 15° where

differential compaction of the coal seams has occurred.
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5.0 VOLUME ASSUMPTIONS AND MINE INTERCONNECTIONS
5.1 Assumptions Used in Mine Volume Calculations
The calculation of mine volumes available for water injection requires making several
assumptions, which are listed and discussed below. Assumptions used in calculating
estimated fillable mine volumes include 1) the thickness of the coal seams and the percentage
of coal recovered, as opposed to coal left in place, 2) the extent to which the mined volume
has been lost to surface subsidence, 3) the amount of water existing in the mines before
injection, and 4) whether seals constructed in the mine will leak sufficiently to allow flooding
of sealed passages. The ambiguity involved in determining many of these parameters results
in considerable uncertainty in the results of the mine volume calculations. Even so, using
reasonable estimates allows a determination as to whether or not the abandoned mines can

potentially hold the water CPMC proposes to discharge.

Coal seam thickness and mined height

A determination of the height of coal that was extracted during mining is required to
calculate the volume of mine voids. In many locations, this parameter is unknown. In thesé
areas, an assumption of mined height has been made based on the thickness of the coal seam
in that location, and judgements regarding the percentage of the coal seam height commonly
extracted by the mining technique used in that area. Based on examination of the mine
working maps, it is apparent that variations in coal seam thicknesses generally occur in a
relatively gradual and uniform manner. This suggests that interpolation of coal thicknesses
between data points, where such data are sparse, should yield reasonably accurate estimates

of actual coal thickness. Different styles of coal mining have different coal recovery
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percentages (i.e. leave different percentages of unmined coal after mining). The differences
in the percentage of coal extracted by different mining styles are significant. The coal
recovery parameters used in making the volume calculations are listed in Table 1. These
estimated recovery percentages are based on discussions with CPMC personnel and graphical
analysis of the mine working maps and are believed to be reasonably accurate. The mine
volume calculation equations are incorporated into the volume calculation spreadsheet in a

manner that is conducive to doing sensitivity analyses by varying the value of the coal

recovery parameter.
Table 1 — Coal Recovery and Volume Loss
Mining Style Coal Removed Loss to Surface Subsidence
Longwall 100% 20%
Secondary 80% 20%
Dense Room & Pillar 60% 0%
Typical Room & Pillar 50% 0%
Ladder-Like 45% 0%

Mine volume lost to surface subsidence

After mining in an area is complete, settling of the rock overburden can result in surface
subsidence and a diminished open mine volume. Although longwall and secondary mining
techniques commonly result in partial collapse of the initial open voids, the volume of open
space is not lessened, rather it is redistributed upward (except for the volume lost to surface

subsidence). Room and Pillar mining (without secondary recovery) commonly results in

Potential for Water Storage in Abandoned 10 15 June 1999
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little or no surface subsidence. If longwall or secondary mining takes place under shallow
cover or beneath relatively flexible rocks, then up to 70% of the original void space can be
lost to the ground surface as subsidence. If the mining takes place under considerable cover
or beneath strong, rigid rocks, most of the mining volume stays within the caving zone,
within and immediately above the original void. Widely used and generally accepted
equations governing the predicted height of the caving and fracture zones above longwall
mined areas have been developed. The application of these equations to coal mining in the
Wasatch Plateau coal district is summarized in Kadanuk (1994). Generally, the caving zone
is predicted to propagate upward for a distance of 8 times the mined height. The fracture
zone is predicted to propagate upward for a distance of 30 times the mined height. Thus,
using a conservative estimate of 10 feet for the mining height, the caving zone is predicted to
extend upward approximately 80 feet, and the fracture zone should extend approximately 300
feet. Most of the redistributed open space remaining in an area after longwall mining is

contained in the caving zone as shown in Figure 3.

Examination of mine, structure, and topographic maps reveals that most of the mine areas
being considered for water storage are situated under considerable cover, ranging from 500 to
over 2,400 feet. Assuming a mine height of 10 feet, this corresponds to a cover thickness
ranging from 50 to 240 times the mine height. Rocks overlying the mines also contain
numerous thick and rigid sandstone lenses (CPMC Mining and Reclamation Plan). Because
of these factors, and after discussions with CPMC personnel, it was decided that subsidence
in the areas being considered was probably minimal. With surface subsidence estimates

ranging from 0% to about 30% of the mine height, a possibly conservative value of 20% was
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selected for the estimate of mine volume lost to subsidence in areas of longwall and
secondary mining. For areas of room and pillar mining with no secondary recovery, it is
assumed that there is no volume loss. The assumed values for coal recovery and volume loss

due to subsidence are summarized in Table 1.

Potential for Water Storage in Abandoned 12 15 June 1999
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Existing volumes of water in mine workings

The mine volume calculations also require an assumption as to the amount of water already
present in the various mines. The water level measured in the Crandall Canyon ventilation
shaft (Plates 1 and 2) appears to represent the elevation of impounded water in the Castlegate
#3 and Spring Canyon #5 mines. Although these mines appear to presently contain some
water, there is likely considerable volume available for the storage of additional water. No
recent water level information is available for the Royal and New Peerless Mines, but old
maps indicate that some water was present during mining operations. The water level shown
on the old mine maps is therefore interpreted as the minimum amount likely to be present.
The quantity of water currently contained in the Royal and New Peerless Mine complex

remains problematic at this time.

The dip of the coal seam in the Spring Canyon #1 Mine is such that these mine workings
have the potential to be useful in storing additional water, but nothing is known about how
much water may already be present. The Castlegate #1 Mine slopes upward away from the
portal and thus cannot be used to store water. The Hardscrabble #4 Mine cannot be used to
store water because its workings are higher than the overflow point of the mines connected to
it. Water put into the Hardscrabble #4 mine would migrate downward into the other mines to
which it is interconnected. If these other mines were already filled to their recommended

limits, the excess water could cause the other mines to overflow.
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Hydraulic integrity of mine seals

After mining in a portion of a coal mine is completed, these areas are commonly sealed.
Information about the location of seals in many of the old workings is very incomplete. Seals
in the mine workings are intended to prevent airflow to or from certain portions of the mines.
This prevents explosive gasses or oxygen deficient atmospheres in abandoned portions of a
mine from reaching active mining areas, and also allows more efficient ventilation of active
mining areas. Currently, mine seals are commonly constructed of block, with grout being
used to seal the margins of the wall to the surrounding rock material. Historically, these seals
may have been created using other techniques and with other materials. Since mine seals are
intended to be air-tight, it is possible that they are also water-tight, which would interfere
with injection of water into the old mine workings. After discussions with CPMC staff, it
was concluded that the mine seals would almost certainly leak water, but that the rate of
leakage is not known. It is possible that mine seals will eventually implode, as water
pressure from impounded water increases until the pressure exceeds the strength of the seal.
It seems more likely that the seals would continuously leak water and the hydraulic head on
both sides of the seal would remain near equilibrium. For this investigation, it has been
assumed that seals in the old mine workings will leak, and that they will leak at a rate fast

enough to not interfere with the injection of water into the old workings.

5.2 Mine Interconnections and Overflows
The mine volume available for injection with water is limited by the lowest overflow point
for each mine, as well as by the amount of water already present in the mines. In order to

determine the overflow point for the various mines, each map was carefully examined to
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locate mine portals and connections to other mines. The old workings that were considered
for water storage were found to fall into three distinct groups, each with a different overflow
location and elevation. These groups include 1) the Royal and New Peerless Mines, 2) the
Castlegate #3, Castlegate #1, Spring Canyon #5, and Hardscrabble #4 Mines, and 3) the
Spring Canyon #1 Mine. The locations of the mine portals are shown on Figure 2, while the

mine workings are shown on Plates 1-4.

The Royal and New Peerless Mines appear to be parts of the same mine complex, and are
connected in multiple locations. The spillover point for this group of mines is the rock-slope
portal of the Royal Mine, located in Bear Canyon just above an elevation of 6,300 feet

(Figure 2).

The Castlegate #1, Castlegate #3, Hardscrabble #4, and Spring Canyon #5 Mines also appear
to be connected. The Hardscrabble #4 and Spring Canyon #5 Mines are simply separate
portals to the same mine complex, which are then connected to the Castlegate #3 Mine via
the Crandall Canyon ventilation shafts (Plates 1 and 2). This mine complex is then
connected to the Castlegate #1 Mine by a rock-slope from the Castlegate #3 Mine (Plates 2
and 3). The overflow point for this group of mines is the top of the rock-slope in the
Castlegate #1 Mine, at an elevation of 6,405 feet. Water overflowing this point would flow
to and out of the Castlegate #1 portal, located above the highway in Price Canyon (Figure 2).
Although connected to the other mines, the Hardscrabble #4 Mine is higher than the 6,405
elevation of the spillover point for the connected mines, and thus has no useable storage

volume.
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The third group of mines consists of only the Spring Canyon #1 Mine, which does not appear
to connect to the other mines (Figure 2 and Plate 2). The mine maps suggest that this mine
would not overflow until filled to an elevation of approximately 6,900 feet, at which point

water would spill from one of its many portals in Sowbelly Gulch.

The known interconnections between the various mines are not the only significant pathways
between mines. Exploration drillholes and overlapping longwall or secondary mining areas
complicate the determination of mine interconnections by creating the potential for
significant leakage between mines vertically. Parts of the Spring Canyon #5 Mine directly
overlie large secondary mined portions of the Spring Canyon #1 Mine, with the lowest area
of significant overlap being the 6,600-foot elevation of the #5 Mine (Plate 4). Filling the
Spring Canyon #1 Mine above this point could result in leakage into the overlying mine
through drillholes and fractures created by secondary mining. Because of the possibility of
leakage into overlying workings, the recommended injection elevation of the Spring Canyon
#1 Mine is lowered from 6,900 feet to 6,600 feet. In a similar manner, the Royal Mine
directly overlies significant portions of the Castlegate #3 Mine (Plate 4). Here, longwall
panels of the #3 Mine are overlain by secondary mining areas of the Royal Mine. Although
the rock between the two mines is approximately 400 feet thick, suggesting that leakage may
not be significant, there are likely to be exploration drillholes in the area which may facilitate
interconnections between these two mines. Therefore, the recommended injection elevation
of the Castlegate #3 Mine, and mines connected to it, is lowered from 6,400 feet to the

spillover elevation of the Royal Mine at 6,300 feet. Lowering the recommended injection
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elevation, so that these mines would be filled to the same level, also allows injection of both

groups of mines from a single injection site.
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6.0 MINE VOLUME RESULTS
6.1 Mine Volume Results
Mine volumes were calculated for those parts of the various mines that appear to have
volume available for water injection and storage. Results of these calculations are
summarized in Table 2. The full calculations are shown on plates 5-8. The elevations listed
in Table 2 represent recommended elevations to which the data indicate that water can be
injected and stored in the mines. Below these elevations, overflow or significant leakage of
water from the mine workings would not be expected. Maximum and minimum volumes
listed for each mine include only the volume existing below recommended injection
elevations, and available for storage of additional water. The difference between maximum
and minimum volumes for each mine represents uncertainty in the volume of water already

present in the workings considered for water injection.

From Table 2, it is clear that a more accurate estimate of the available volume depends
greatly on the determination of the current water levels in the Royal / New Peerless and
Spring Canyon #1 Mines. A total volume available for water injection excluding the Spring
Canyon #1 Mine was listed because all of the other mines could theoretically be filled from a
single injection site located in Bear Canyon. Storing water in the Spring Canyon #1 Mine

would require additional piping to a separate injection site in Sowbelly Gulch.
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Table 2 - Summary of Volume Calculation Results

Name of Mine Recommended Volume Below Current Current Water Volume Potential Volume Available for

Considered for Injection Injection Water Present in Mine Workings Storage of Additional Water

Water Storage Elevation (feet) Elevation Elevation (feet)  Min. (Gallons) Max. (Gallons) Min. (Gallons) Max. (Gallons) Comments

Royal Mine 6,300 1,166 million Unknown 228 million 1,166 million 0 938 million May already be flooded
New Peerless 6,300 - - - - - - Included with Royal Mine
Castlegate #3 6,300 941 million 5,770 92 million 364 million 577 million 849 million

Spring Canyon #5 6,300 144 million 5,770 1 million 1 million 143 million 143 million

Spring Canyon #1 6,600 560 million Unknown 0 560 million 0 560 million May already be flooded
Hardscrabble #4 - - - - - 0 0 Above spillover point
Castlegate #1 - - - - - 0 0 Above spillover point
Under-River Mine - - - - - 0 0 Already flooded

Total Potential Volume for Additional Water 720 million 2,490 million

Total Potential Volume Using a Single Injection Well' 720 million 1,930 million

1 The Spring Canyon #1 workings are ot believed to be interconnected with the other workings

Table-2-Volume Results.xls
Mayo and Associates
February 23,1999
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7.0 IMPACTS OF STORING WATER IN OLD WORKINGS
This section describes the likely fate of mine water stored in abandoned mine workings and
the potential hydrologic impacts which might occur as a result of the storage of this water.
Potential problems resulting from the injection of water include 1) the overflow of injected
water from mine portals, 2) the creation of new springs or degradation of water quality at
existing springs by leakage of mine water to the surface, and 3) degradation of the quality of
the water presently contained in the mine workings or the quality of water in bedrock

groundwater systems surrounding the mine workings.

Fate of injected water

Accidental discharge of injected water to the surface from mine portals is unlikely if the
water levels in the mines receiving the water are monitored to ensure that the water levels in
the old workings do not exceed the recommended elevations. The only mine portals that
might experience overflow are those for the Under-River Mine which crosses under the Price
River. This mine, and the potential for overflow from it, is discussed in more detail at the

end of this section.

Seepage of impounded water to the surface

Assuming that the elevation of the water injected into the old mine workings does not exceed
recommended levels, the potential for the creation of new springs at the surface is low. This
is because very little of the surrounding topography is lower than the recommended
maximum elevation for water injection. As can be seen on Plate 9, only small portions of

Price Canyon are topographically lower than 6,300 feet. In addition, most of the mine
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workings to be flooded are several thousand feet or more, horizontally, from the canyon walls
at these elevations. The rocks between the mine workings and the canyon walls are
composed predominantly of interbedded layers of sandstone, mudstone, and shale. Although
some of the sandstone units have the ability to transmit water, the lenticular nature of
sandstone units precludes significant lateral migration of groundwater because the sandstone
units pinch-out and interfinger with shale or mudstone units that are nearly impermeable
(Mayo and Associates, 1998). Permeability studies on the sandstones of the lower
Blackhawk Formation (and Star Point Sandstone) suggest that the ability of these units to
transmit water is poor (Lines, 1985). Hydraulic conductivities for the Blackhawk Formation
reported by Lines (1985) ranged from impermeable to 1.1x10° feet/day for the shales, and
from 1.1x10? to 9.3x10°® feet/day for the interbedded sandstones and siltstones. Lines (1985)
noted that some of the shales tested were impermeable to water, even when tested under a

pressure of 5,000 pounds per square inch.

That groundwater encountered during mining operations in the Book Cliffs and Wasatch
Plateau coal districts is commonly several thousand years old supports the supposition that
groundwater does not readily move through the lower Blackhawk Formation. If new springs
were created as a result of seepage of injected water through the sandstones, such springs
would be limited to elevations below 6,300 feet. Only the river bottom and lowest 200 feet
(in elevation) of the Price Canyon and the very lowest portions of several side canyons (Plate
9) are below this elevation. The long seepage distances and poor water transmission

potential would probably limit the discharge of any new springs to small seeps.
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In evaluating specific locations where there is potential for discharge of impounded mine
waters to the surface, three regions with differing leakage potentials have been delineated. In
each region the potential for leakage to the surface is limited to the area below 6,300 feet
elevation (the maximum hydraulic head of the impounded water). Differences in geology,
and topographic and stratigraphic gradients result in differing potentials for seepage in each
of these three regions. These regions have been designated as Zones A, B, and C. These
zones are plotted on Plate 9. Annotated photographs showing the land surface in Zones A, B,
and C are presented in Figure 4. Additional annotated photographs depicting the land surface

in Zones A, B, and C below 6,300 feet are presented in the appendix.

Zone A

Zone A extends from the intersection of the 6,300 foot elevation contour with the bottom of
Price Canyon in the northwest quarter-section of Section 26, T. 12 S., R. 9 E. to the
approximate contact of the top of the coal-bearing horizons of the Blackhawk Formation in
Price Canyon in east-central Section 35, T. 12 S., R. 9 E. (Plate 9). Within this zone, only the
lowermost canyon walls immediately adjacent to the Price River are below 6,300 feet in

elevation.

The potential for seepage of impounded waters to the surface in Zone A, and the potential for
related slope failures, is minimal. The rocks exposed in Zone A are part of the upper
Blackhawk Formation and consist of interbedded and discontinuous mudstones, shales, and
sandstone channels. The sandstone channels are generally isolated from each other both

laterally and vertically by low permeability rocks (Mayo and Associates, 1998). More
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continuous, massive sandstone units, which are present in the lower Blackhawk Formation
are absent in the rocks of Zone A. Additionally, because the coal seams and the abandoned
mine workings are in the lower part of the Blackhawk Formation, water must flow across
bedding planes upward in the geologic section (i.e. it must successively flow from one
horizon in the Blackhawk Formation into and through the next horizon stratigraphically
above it) in order to seep to the surface in Zone A. This is unlikely to occur because in
stratified rocks the vertical permeability is commonly only a fraction of the horizontal
permeability. Thus, because of the discontinuity of the rock strata in this zone and the
limited potential for lateral or vertical migration of the water, the risk of impounded water

migrating to the surface in Zone A is very low.

If water were to seep to the surface in Zone A, because the region below 6,300 feet is limited
almost entirely to areas which are less than 100 feet above the canyon floor, the potential for

major slope failure as a result of saturated sediments on steep slopes is minimal.

Zone B

Zone B consists of the region in Price Canyon below 6,300 feet in elevation that is
approximately on strike with the lower Blackhawk Formation. The area extends for
approximately one mile along Highway 6 between the east-central portion of Section 35, T.
12 S.,R. 9 E., and the west-central portion of Section 1, T. 13 S., R. 9 E., just below the
intersection of Highway 6 and Highway 33 (Plate 9). Each of the major coal seams crops out
in the canyon bottom in Zone B. The potential for leakage of impounded waters to the

surface, and the related potential for slope failure in Area B is low. However, of the three
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zones of potential leakage discussed in this report, the potential for leakage in Zone B is
much greater than it is in either Zones A or C. Because the same stratigraphic horizons that
contain the old mine workings crop out at the surface in Zone B, water may seep laterally to

the surface without flowing across bedding planes.

Generally, the rocks of the lower Blackhawk Formation are discontinuous and lenticular in
nature. Individual sandstone lenses are encased both vertically and horizontally in low
permeability shale and mudstone (Mayo and Associates, 1998). Thus, the potential for lateral
migration of water through these sediments is low. Likewise, the sandstone paleochannels,
which are commonly known to conduct water when they are encountered in the mine
environment, are lenticular and somewhat discontinuous in nature. However, several
massive, more continuous sandstone units occur in the lower Blackhawk Formation in the
Castlegate area. These include the Kenilworth, Aberdeen, and Spring Canyon Sandstones.
These massive sandstone units may transmit water laterally over greater distances than do
other rock units of the lower Blackhawk Formation. However, aquifer testing data obtained
from massive sandstone units of the lower Blackhawk Formation elsewhere in the Book
Cliffs and Wasatch Plateau coal fields indicate that the hydraulic conductivity of these rocks
are generally very low. If any of the flooded mine workings are in direct contact with these
massive sandstone units, there is the potential for some leakage of mine water to the surface
through these rocks, although the rate would likely be low. Fracturing in the massive
sandstone units could potentially increase the transmissivity of these rocks, which could

result in a greater likelihood of seepage at the surface.

Potential for Water Storage in Abandoned 29 15 June 1999
Mine Workings in the Castlegate Area



Mayo and Associates, LC

In many locations, the coal seams in the Blackhawk Formation have experienced natural coal
burns along the outcrop. The coal burn commonly results in intense fracturing and
mineralogical alteration of the rocks immediately above and below the coal seam. The coal
burn commonly extends several hundred feet laterally into the mountain. As a result of the
coal burn, large aperture fractures and void spaces exist that appear to be well interconnected.
Where extensive coal burns have occurred in Zone A, there is therefore an increased potential
for seepage of impounded mine workings to the surface. However, the major areas of coal
burn exposed in Price Canyon (Figure 4) are not associated with the massive sandstone units
of the lower Blackhawk Formation. Because the coal burned area is primarily associated
with lenticular, discontinuous strata (which do not conduct water laterally), it would be
difficult to provide recharge to these coal burns deeper within the mountain where the rocks

are not burned.

Most of the rock strata exposed in Price Canyon along Zone B are well consolidated,
competent rock. Soil development appears to be minimal in these areas. Therefore, if slow
seepage of mine water to the surface were to occur in Zone B, it seems more likely that the
water would discharge to the surface as a spring or seep and would not result in major slope
failure. Naturally occurring slope failures are not common in this area, suggesting that the

near surface sediments are relatively stable.

Zone C
Zone C includes the region below 6,300 feet in elevation where rocks that are

stratigraphically below the lower Blackhawk Formation are exposed at the surface. This area
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includes all of the lower reach of Price Canyon below the west-central portion of Section 1,
T. 13 S.,,R. 9 E. (Plate 9). It also includes a small area in the mouth of Hardscrabble Canyon
and the lowest elevations on the north side of Spring Canyon below the center of Section 22,
T.13 S.,R. 9 E. In order for impounded water to migrate to the surface in Zone C, water
must move down through the geologic section across bedding planes. The strata exposed in
Zone C consist primarily of rocks of the Star Point Sandstone and the interbedded Mancos
Shale. The Mancos Shale is known regionally as an extremely poor transmitter of water.
Additionally, the old mine workings to be filled are located at substantial distances from the
land surface in Zone C (most areas are greater than one mile away from the nearest filled
mine area). Therefore, the potential for leakage of impounded mine waters to the surface in

Zone C is considered to be remote.

In locations where the mine workings to be injected are located directly under the canyon
bottom, most of the mine workings are under relatively deep cover. Workings of the New
Peerless Mine, for example, go directly under the Price River at a depth of nearly 1,000 feet
(Plate 1). Similarly, workings of the Royal Mine lie beneath the mouth of Bear Canyon, at é
depth of approximately 500 feet below the surface. In these locations, water would have to
pass vertically upward through the bedrock, almost directly across bedding. The numerous
thick shale and mudstone beds in the bedrock make this scenario very unlikely unless the
rock is highly fractured. Since mining in these areas was predominantly by room and pillar
methods (without secondary recovery), significant mining induced fracturing of the overlying

bedrock is unlikely.
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A potentially serious problem that could reasonably occur as a result of water injection is
overflow or upward leakage from workings of the Under-River Mine. Although available
maps show that this mine is not connected to the mines proposed for water injection and
storage, a barrier of only 50 to 100 feet separates it from workings of Royal Mine (Plate 1),
which is proposed for injection. Workings of the Under-River Mine are shown on maps to
pass underneath the Price River at very shallow levels. Although it is not clear from the mine
maps, portions of this mine may be separated from the overlying Price River channel by less
than 200 feet of overburden, and from the bottom of Barn Canyon by less than 50 feet of
overburden. Some of this overburden is composed of alluvial deposits that readily transmit
water. If the abandoned mine workings are filled to an elevation of 6,300 feet, there would
be approximately 150 feet of differential in hydraulic head between the mine workings and
the overlying Price River, which is at an elevation of 6,150 feet. Therefore, there is the

potential for upward leakage of water from this mine to the surface.

Previous work (Mayo and Associates, 1998) has suggested a likely connection between
waters of the Under-River Mine and shallow alluvial groundwater systems or surface waters
in the vicinity of the river. Even if water in this mine could not leak upward through the roof,
however, the portals of the mine are topographically below the recommended water injection
elevation for the adjacent Royal Mine. Even if water injected into the Royal Mine was able
to leak into the Under-River Mine and it did not leak upward into the river bottom, it would
likely overflow the adjacent portals of the Under-River Mine and flow over the land surface
into the Price River. It seems clear that if water injected into other nearby mines is able to

leak into the Under-River Mine, it will then enter the shallow alluvial groundwater system or
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overflow to the river. It is unknown whether water injected into the Royal Mine will leak
into the Under-River Mine, and if so, whether the rate of leakage will be significant. After
the commencement of water injection, this determination can be made by monitoring water
levels in the Under-River Mine (Plant Recovery Well and Plant Injection Well; Plate 10).
Water levels in these wells may then be correlated with water levels in the Crandall Canyon

Shaft and the new monitoring well in Bear Canyon.

Although mine maps show a barrier between the Under-River and Royal mines, it is not
known whether this barrier remains intact, or if the 50-foot barrier can effectively hold back
water. It is possible that the integrity of the barrier may have been compromised as a result

of an accidental mining error.

Degradation of the quality of water currently existing in the mine workings

Another potential consequence of the proposed water injection is that the quality of waters
already existing in the old mine workings may be lessened. If existing waters in the old mine
workings are of a higher quality than the injected waters, then the quality of that water would
be lessened. The magnitude of the potential impact will be proportional to the magnitude of
the difference in the water quality between the two water bodies, and the volume of water
injected relative to the amount that was present prior to the injection. However, water
already in the workings to be injected may be similar in TDS and chemistry to the water
being injected, as the Castlegate #2 Mine being dewatered is only a few miles from the
proposed receiving mines. Under these conditions, there would be no detrimental impact on

water quality.
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Because UIC requirements preclude the degradation of water sources, it will be necessary to

monitor the water quality of both the receiving waters and the water being injected.
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8.0 CONCLUSIONS
1) Based on the available data and the assumptions listed previously, it appears that the
investigated mine workings do have the potential for storing considerable volumes of
water. The calculated volumes potentially available for the storage of additional water in
each of the investigated mines are listed in Table 3, along with overall and single-

injection site totals.

Table 3 — Potential Volume for Storage of Additional Water

Mine Name Potential for Storage of Additional Water
Royal / New Peerless Mines Between 0 million and 938 million gallons
Castlegate #3 Mine Between 577 million and 849 million gallons
Spring Canyon #5 Mine Approximately 143 million gallons

Spring Canyon #1 Mine Between 0 million and 560 million gallons
Hardscrabble #4 Mine None

Castlegate #1 Mine None

Under-River Mine None

Potential additional storage Between 720 million and 2,490 million gallons
Potential using 1 injection site  Between 720 million and 1,930 million gallons

2) Mine maps suggest that the Castlegate #3 and Spring Canyon #5 Mines are connected
via the ventilation shafts in Crandall Canyon, and that the Royal and New Peerless Mines

are also connected to each other. Mine Map information also suggests that the Spring

Potential for Water Storage in